In this paper, a novel stability criterion is developed for time-delay systems having time-varying delays that belong to a given range. Based on a choice of different type of Lyapunov -Krasovskii functional in an extensively augmented form, some new delay-range dependent stability criteria are proposed. This developed stability result has advantages over some previous ones. First, the method is based on the selection of a new, extensively augmented LyapunovKrasovskii functional which does not only take the delay range into account but also the weighted version of it. Second it estimates the upper bound of the derivative of the Lyapunov functional without ignoring some useful integral terms. Finally, we have introduced several free slack variables in relation with Newton-Leibniz formula to provide some kind of relaxation for the proposed stability criteria. In addition to this, we have also employed the method of completing to squares which has enabled to provide further relaxation with some additional decision variables.
INTRODUCTION
Time-delay phenomenon concerning feedback control systems is often a source of instability and poor performance in many engineering systems. From this point of view, a considerable amount of attention has been paid to the problem of stability and stabilization of these systems. The primary reasons for a delay to occur are in general due to the long transmission lines used for remote control systems, finite processing rate of computers, and/or inexact modeling of physical or dynamical systems.
In literature, time-delay is mostly assumed to vary in an interval whose lower bound is usually considered to be zero. However, in practice, the range of time-varying delay may vary in an interval for which the lower bound is not restricted to be zero. Therefore, especially in the last decade, increasing attention has been paid to obtain lessconservative delay-dependent stability and stabilization results for time-delay systems having time-varying delays which belong to a given range such as Shao (2009) , Yan et al. (2010) , Jiang and Han (2005) , He et al. (2007) , Parlakçı (2006) , , , Zhang et al. (2008) , Li et al. (2008) . Most of the work in literature employs constant Lyapunov-Krasovskii functionals such as Shao (2009) , Yan et al. (2010) , Jiang and Han (2005) , He et al. (2007) , Parlakçı (2006) .
In this paper the problem of stability for a class of interval time-varying state delayed systems is investigated by utilizing constant type of Lyapunov-Krasovskii functionals whereby we obtain a fixed and tight stability condition. The lower bound of the time-varying delay is assumed to be not necessarily identical to zero and that the timederivative of the time-varying delay is absolutely bounded. Choosing an extensively augmented Lyapunov-Krasovskii (L-K) functional, some sufficient delay-range-dependent stability criterion has been developed within the context of convex linear matrix inequalities (LMIs). In addition to the use of delay interval, a uniformly weighted form of the time-varying delay is also taken into account while handling the delayed states. Several free weighting matrices have been employed with Newton-Leibniz relation which has lead to induce new slack decision variables based on the method of completion to squares. Two numerical examples with various case studies have been demonstrated at the end in order to illustrate the application and the effectiveness of the proposed stability method.
In this paper, our goal is to establish a new, less conservative delay-dependent condition for a class of time-varying system given asẋ
where x(t) ∈ R n is the state vector. Besides, A and A d are known real constant state-space matrices of appropriate dimensions. On the other hand, the delay τ (t) is assumed to be a continuous, time-varying function which satisfies
where, τ i , i = 1, 2 and d are known positive constants. φ(t) is a continuous and differentiable vector valued initial condition function for states.
MAIN RESULTS

Theorem 1. Defining τ
τ 2 − δ and μ 2 δ − τ 1 , for a given nonnegative scalar α where 0 ≤ α ≤ 1, delay bounds τ 1 and τ 2 such that 0 ≤ τ 1 ≤ τ 2 and delay-rate d, system (1) is globally, asymptotically stable if there exist symmetric positive definite matrices P , 
with
T , Φ 5,9 = Z 6 12 T − J 9 − P 46 + P 56 − P 66 − T 9 + W 9 , Φ 5,10 = W 10 − T 10 − J 10 , Φ 5,11 = W 11 − P 47 + P 57 − P 67 − T 11 − J 11 , Φ 5,12 = W 12 − P 47
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where
and Q j , j = 1, . . . , 7 symmetric positive definite matrices to be determined. Note that the augmentation used in selection of V 1 is needed for accommodation of the terms which involve δ in calculation ofV 3 . Defining an extendedstate vector as (1) giveṡ
The time-derivative of V 2 is calculated asV
One can decompose (Shao (2009) 
Defining β (τ (t) − τ 1 )/τ 12 allows to obtain the following bounds: (Gu et al. (2003) )
Substituting (13), (14) into (12) and adding and subtracting some nonnegative useful terms in (11) yields
ζ(s)ds
(s)ds
t−τ2ẋ
(s)ds. 
V 3 is bounded in view of Jensen's Inequality asV
Let us define Γ 8 , Γ 9 and Γ 10 as follows: 
where 
Preprints of the 18th IFAC World Congress Milano (Italy) August 28 -September 2, 2011 Table 1 shows obtained admissible upper bound τ 2 for various τ 1 and unknown d with some existing results from the literature. Note that the corresponding stability condition for Theorem 1 for unknown d can be simply obtained by setting Q 1 = Q 5 = 0 in V 4 . Table 2 gives the comparison results on the maximum allowed τ 2 for different d when τ 1 = 0. From Table 1 , it can be seen that, with the proposed method, slightly less conservative results are obtained when compared with those in the literature. On the other hand, we observe from Table 1 and Table 2 that tuning parameter α does not have much affect on maximum allowable upper bound of τ 2 for this example.
In addition, in order to test the performance of the proposed stability result for various d, maximum allowable upper bounds of τ 2 are obtained and listed in Table 3 . Again similar performance results are obtained as in the previous case. However, we observe that for small values of d and τ 1 , α parameter has considerable affect on the maximum allowable upper bound of τ 2 . Example 2 Consider system (1) with
For various d and τ 1 , the admissible upper bounds τ 2 of the delay are given in Table 4 and Table 5 , respectively. Table 6 shows the obtained maximum allowable delay bound for a variety of methods with different lower bounds τ 1 , and assuming unknown d. It is obvious from Table 4 , Table 5 and Table 6 that stability results obtained in this paper are considerably less conservative than those in the literature. On the other hand, for this example we observe that the results are strongly dependent on the selection of the parameter α. Unfortunately, during the numerical experiments, we do not observe any linear correlation between the admissible upper bound of τ 2 and α. We observe from Table 5 that our results are less conservative than those in literature for any α ≥ 0.5. Besides, for any α < 0.5, we get exactly the same allowable upper bounds for τ 2 with those of Shao (2009). 
CONCLUSION
A novel stability criterion has been proposed for a class of time delay systems with interval time-varying delay. The method is based on an augmented type L-K functional which takes into account useful information involving several integral terms constructed with the time-varying delay along with its lower and upper bounds. The results have been relaxed by employing a number of slack variables that come into effect due to the use of Newton-Leibniz integral relation and the method of completion to squares. The numerical results clearly indicate that the proposed stability method is able to exhibit better performance with respect to that in the existing literature.
